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Introduction

The major concern of the process design in recent
years is low-carbon technologies. These technologies
target at climate improvement in the world and at
production with the reduced carbon footprint. These
technologies are being introduced in various industries,
particularly, in the oil and gas industry and the power
engineering. This issue is on the agenda in many countries
worldwide.

The article discusses the issues of low-carbon technology transfer in the oil and gas industry. The
mechanism of the technology exchange in the context of import substitution is shown. It is stated that the
technology exports from Russia to other countries tend to increase. At the same time, in recent years, the
vector of the technology exports from Russia has shifted to the countries of Asia, the EAEU and China. It
is revealed that the technology transfer is accompanied by significant risks. A model for the transfer of
low-carbon technologies between Russia and China is proposed, which takes into account the peculiarities
of the legislation in both countries, financial support for innovative developments, and the search for inves-
tors. The purpose of the article is to develop directions for the development of the low-carbon technology
transfer from Russia to China.

The largest Russian corporations, including Rosneft,
Rosatom and Lukail, set up with this particular mission.
They vigorously pursue development of new technologies
to improve ecological properties of oil and gas production
and to introduce eco-friendlier methods in power
engineering in the country.

In present-day conditions, it seems to be the most interesting to
promote mutual cooperation and team-work between China and Russia in
the transfer of low-carbon technologies, and to share experience and jointly
developed technologies on this basis.

So, the topicality of the issue implicates the search for an optimal
model of the low-carbon technology transfer between Russia and China. The
problem may lie in the presence of a huge number of risks connected with
legislative controversies in both countries, financial support of technological
innovations, finding of investors, etc.

This study aims at development of an effective model of the low-carbon
technology transfer in cooperation between the Russian and Chinese
companies.

Methods

This inter-disciplinary study involves integration of methods of the
industrial, technical-and-economic and statistical analyses. The main
methods used in the study are the content analysis, dynamic and structural
analysis, mathematical statistics and scientific synthesis.

Results and discussion

The issues of organization and maintenance of scientific knowledge
crossflow between economies of the two countries for entering new sales
markets and producing new products are by no means new. Transition to
the effective research management started in the 1980s and aimed at
substantiation of scientific progress and at quantitative accounting of high-
quality technologies in the countries.

Understanding this trend needs comprehending the notion and essence
of the technology transfer addressed by scientists from different points
of view. Mostly, the technology transfer correlates with the notions of
innovations which have multiple aspects and include high technologies and
breakthroughs in many sectors of economy [1].

According to V. V. Dmitrienko’s viewpoint, the technology transfer can
match up with R&D implemented in a specific country and transferred to other
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countries subject to certain conditions [2]. On the other hand, according to
V. A. Kirisheva [3], the technology transfer aims at modernization of industry
and its branches which are now underdeveloped.

There also other approaches to understanding transfer of technologies.

For instance, researcher N. V. Sopina [4] represents the technology
transfer as a core of efficient performance of an innovative economy and
a country’s technological upgrade in all kinds and forms. The researcher
addresses this point via the comparison of the high-tech export dynamics
in Russia (Fig. 1.

In recent years, the pace of the technology transfer has greatly
increased. And Russia has changed the vector toward the countries of Asia,
EAEU and China.
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I Fig. 1. Dynamics of export of technologies from Russia to other countries
of the world, billion USD [5]

Russia and China have joined with the center of technological
cooperation, which ensures the mutual technology transfer between them.
The ample investments in the research in this area allow the countries to get
to a next level of development and to balance some technological lag from
other countries.

China creates full-fledged low-carbon cities in the areas from the list of
the most polluted towns in the world [6]. The strategies of improvement of
low-carbon economy infrastructure are introduced in these cities.
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Evidently, China plans to increase the
number of wind and solar power stations
only to supply homeownerships. On the
other hand, the alternative sources can
hardly ensure full-scale power supply of large
production facilities. The expected investment
of China in the low-carbon power engineering
is described in Fig. 3.

Clearly,  investments are  mostly
distributed between the alternative low-carbon
technologies of power generation, including
nuclear, wind and solar power stations [8].

This also proves the innovative
cooperation between the countries as Russia
and China maintain an active exchange of
technologies in the fields of know-how, R&D
and useful models. The number of agreements
concluded between Russia and China in the
sphere of low-carbon technologies within the
last 2 years is depicted in Fig. 4.
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Fig. 4. Number of agreements concluded on low-carbon technologies in the last 2 years between Russia
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While implementing low-carbon projects, PRC strives for a gradual
transition to the nuclear power engineering to replace conventional heat
and water power stations. The plans of distributing generating capacities by
the types of generation for the time periods in future are depicted in Fig. 2.

China—Russia Energy Cooperation
Committee is a major agency to coordinate the
interaction of Russia and China in the sphere of
power engineering.

The Expert Committee for Low-Carbon
Technologies focuses on the development and
introduction of this-type technologies.

Each party has representatives that discuss various trends of energy
cooperation between the countries.

Implementation of the projects involves participants of Megaprojects,
research institutions, R&D centers, regional authorities and representatives
of business. These are the scientific institutes, which develop new
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technologies, and the business, which commercializes the low-
carbon energy projects [13].

Presentation of projects is a process when the participants
lay down their ideas and implementation proposals.

Project selection means assessment and selection of the
most promising low-carbon power engineering projects for the
support and implementation.

Implementation and approval of projects is a final stage
when the selected projects are developed commercially, and the
results are tested and analyzed for the further development and
introduction of low-carbon energy technologies [14].

The objectives and functions of all actors are described in
Table 1.

Each project or model should have an economic efficiency
evaluation to prove expediency of introduction [15].

According to this procedure, at the stage of a project
expertise via an integrated analysis, it is advisable to use a scoring
to distinguish between five groups of projects. The groups are
described in Tahle 2.

In this manner, the presented way of project ranking can
allow evaluating projects and revealing the higher-priority projects
as early as the preliminary estimation stage.

Then, the sets of parameters are to be subjected to scoring
[1861.

Using the presented parameters, an estimation matrix is constructed to

identify the highest priority projects [17].

Megaprograms on the transfer of low-carbon technologies are
economically feasible both in China and Russia. Furthermore, they can be

Table 1. Objectives and functions of actors of Low-Carbon Technology Transfer Megaprogram

Representatives of Russia

Megaproject participants,

Presentation

of projects

China—Russia Energy
Cooperation Committee

Exper-t- -Con;r-r{ii:tee
for Low-Carbon Technologies

Representatives of China

research institutions,

i R8D centers, regional authorities,
' representatives of business ;

Implementation

and approval
of projects

I Fig. 5. Model of Megaprogram on transfer of low-carbon technologies

extended to the projects on the technology transfer in the wind and solar

power engineering where China is a large exporter [18].

The benefits are additional investment in the national economies thanks
to implementation of Megaprojects [19].

Actor Objectives

Functions

Results

Expert Committee
for Low-Carbon
Technologies

Coordination of programs, shaping of
an objective, determination of target
parameters

Carrying out of expert examination of projects, setting of

priorities.

Selection of top-priority projects, determination of target
efficiency, distribution of functional in the selected projects

Development of the highest priority and
maximally efficient projects connected
with low-carbon technologies

Project teams from
universities

Presentation of projects and validation
of their efficiency

Presentation in front of the expert commission, description
of the target efficiency indicators, validation of the admissibility
and top priority of projects

Detailing and implementation of a project,
practical application and approval, getting
of grants

Presentation and defence of projects,
validation of efficiency, finding of
project team

Individual development
contractors

Presentation in front of the expert commission, description
of the target efficiency indicators, validation of the admissibility
and top priority of projects

Detailing and implementation of a project,
practical application and approval, getting
of grants

Provision of land and property for
allocation of scientific basis of a
project, negotiation of public—private
partnership contracts

Regional authorities

Provision of R&D project team with resources, proper
equipment of premises and facilities.

Lodging of presentations, forums and other events in the

framework of the Megaprogram

Provision of comfortable and convenient
conditions for scientific activities of
project teams inside the regions

Evaluation of project efficiency and effecting of financing

Financing of R&D projects, having a final

[EE e AL Sy e contracts result, participation in patent support
Tahle 2. Grouping of innovative projects
Project group Development area Cost Risks Financing source

Top priority Renewable energy sources High Medium Public—private finance

High priority Intelligent energy supply networks Medium, low Low Tatally public and public—private finance
Medium priority ST e sysltems.in OB T [ Medium, low Low Totally public and public—private finance

engineering
Low priority Robotics, novel Al technologies High High Public—private finance
No priority Other areas connected with low carbon energy High High Public—private finance

Source: compiled by the author.
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Table 3. Cost-to-use analysis of the proposed model of Russia—China Megaprojects on low-carbon technology transfer

Index 2021 2022 2023
Number of unimplemented projects in low-carbon power engineering in Russia 88 110 150
Total investment made by China and Russia, million USD 500 600 800
Percentage of efficient projects, % 30 38 40
Estimated level of project implementation using the proposed mechanism, % 30 38 40
Total economic effect, million USD 150 228 320

Efficiency can be evaluated from the formula:
Ep=@x1xF,

where Ep is the economic efficiency of Megaprojects; Q is the number of
unimplemented projects; | is the total investment made by China and Russia,
million USD; F is the estimated level of implementation of projects in case of
the introduction of the proposed mechanism, %.

By estimates of IMEMO RAS, in recent 5 years, there are some
Megaprojects on the low-carbon technology transfer, which remain
unimplemented by China and Russia [20]. Implementation of the projects
could enable introduction of novel technologies with taking relevant economic
advantages. The cost-to-use analysis of the proposed approach is given in
Table 3.

To sum up, the introduction of the mechanism of Megaprojects can allow
increasing the number of implemented projects up to 800 projects yearly,
which can elevate investment by 320 million USD annually. The volume of
investment will grow year by year, which will have a beneficial effect on
technological innovation in the sphere of low-carbon technologies. The use
of such mechanisms in the other fields of power engineering (wind and solar
energy) will stimulate and promote the technology exchange between Russia
and China to the advantage of both countries.

Conclusions

The research has shown that oil and gas technologies being developed
should be in a greater degree aimed at reduction of carbon impact exerted
by the conventional technologies (oil, gas and coal) on ecology. This will
ensure the wanted power generation at the minimized impact on climate and
nature in large industrial regions. To this effect, the Megaprogram on the
transfer of low-carbon technology between China and Russia is proposed to
be implemented by the Hefey-City scenario. At the same time, Russia has its
own peculiarities and priorities. The peculiarity is the implementation of the
projects in remate mineral-producing and power-generating mano-towns.

The presented Megaprogram mechanism involves Russian and Chinese
participants, regional authorities of the areas where the research centers
are to be arranged, as well as investors and project teams from both China
and Russia. Special commissions will evaluate and select the best and most
relevant projects of low-carbon energy engineering.

The economic efficiency calculation shows that the Megaproject
mechanism when introduced can increase the annual project implementation
and the related investment up to 80 projects and 320 million USD,
respectively.

The described solutions can promote the low-carbon technology
program in Russia and in China owing to implementation of Megaprojects
that facilitate achievement of the preset goals.
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